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(54) GASEOUS HYDROGEN PRODUCING AND FILLING DEVICE, AND 
ELECTROCHEMICAL DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a simple and 
compact gaseous hydrogen manufacturing and filling 
device and an electrochemical device which can easily 
produce gaseous hydrogen, and efficiently compress 
and fill the hydrogen. 

SOLUTION: The gaseous hydrogen producing and filling 
device comprises and electrolysis unit 1 for generating 
gaseous hydrogen by electrolysis, a pressing unit 2 for 
compressing gaseous hydrogen generated by the 
electrolysis unit 1 , and a filling unit 4 for filling the 
compressed gaseous hydrogen in gaseous hydrogen 
tanks 50-58. The electro-chemical device comprises the 
electrolysis unit 1 for generating gaseous hydrogen by 
electrolysis, the pressing unit 2 for compressing gaseous 
hydrogen generated by the electrolysis unit 1 , and the filling unit 4 for filling the compressed 
gaseous hydrogen in the gaseous hydrogen tanks 50-58, and the pressing unit 2 also 
functions as a fuel cell unit which can be irreversibly operated by gaseous hydrogen from the 
filling unit 4 and gaseous oxygen or gas containing oxygen fed thereto. 
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(57). [5*tJ] 

5gp!f^&7K^?!/;^^>^ 5 0~5 8tjf£JK-r5^JK^4 

7ksi:i!j:^*f6^$-&amm^«?^sa5i 

iOjEi®$nfeStll3zkl!l;iJ;^S7k^;y^^5' >^ 5 0~5 

T RijS*wtit;it-r5<ssi|!4m?iiiai5i: lt t)«itg-r s .ta t 
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h> (H+) iz^m-r^mimii. mmmimx^^^v 
[if *ii 8 ] mjiBT'D b >^mPf-o^mm^fmmi^m. 

;£«AbT*tS^#«i:ti-DTiilB:/D f >e^SEi*:As«| 



4 1 IBii bfc7J<m>tf;^SS!Ji?S«^go 

[iSst^a 1 0 ] BulB:7-D h - XH 

(xtt2fliicD^g^^^feW-r5ffi«t®Ji?eb < li®? 
[is*]S 1 1 ] mmy^ v - o hx 

tt-YOH (Yli2fii©$S^^^£;S-rSfiit0ii?eb 

<ttii?ia'r'ife5o ) T-feSx otiB«bfc7jc 

[IS*JI 1 2 ] fldlBT'D h >PSffitt©aASx - 0 H> 
-OS03H.>-COOHx -SO3HS -OPO (0 
H) 2> -C6H4-S03H©V>-rtlA^J;t)SKtl,Satf 

[gfs^l 3] HulB7 5-^>:S-?is, 

^?Cm (m=3 6s 6 0> 7 0^ 7 6^ 7 8s 
8 Os 8 2v 8 4s 8 6, 8 8s 9 0s 9 2s 9 4s 9 

So 

[iiS*« 1 4 ] J: ^ T*l?l:tf >i S^^^F -B" 

5m^^«¥^agPfcs afjiBmm:9-«?^ssi5-c^^bfegF 

IRif;^*7jc|gif;^<5'>^fc^«l-r53t«fgPi:&*bs 19 
IB*DBEg|5tts mJS33£«gBA>^cD7k*:tf;^i:s ^^Xtt^ 

t bx J; a tc«fia^nfc««,fb^«a. 
[»*a 1 5 ] asiBJDffgiJASs sai3*^3tf>^*aa{b 

«:^-CV^Ts B5IBSmfb!^ffi^a5i)Ss HulBTksgi/y^^T* 

•y'vh>inTfms57mi^':^}zm<h-r^m2mt. zn 

IBiD£E«»J«iPge{r J: o T BulBiDJEgPCiPJE^t: jiS b 
fcSat^iflB^ 1 2eiMt:«*&-r3s B»*« 1 

4t|3«bfc«Mfb^^Bo 

[iS5)?ii 1 6 ] msdm^^mmmBt. mmmm^ 

tSUffli^tiSs 4K:iB<!BbfeSSl^b^«B. 

[if*iBi7] mi3^'::^7^AffiiJtPg|5{rJ:-pTs BufiBin 

SiR^tlSs 1 6 l3|3iE bfe«^{b#^S. 

18] 7j<&7jc^mX{i:;!J^«SlT^J&-r-5ffl!l 
{3SEa^tiTmjI37k:fp4.7"D h IfiiJis 
ttilB^D b >?£7K|g:*/;^l;|S^bbTSSIBzk^:tf;i^ff^ 

3i5«^53£«sP5fe*bs m%^mii7.iimmt, msi% 
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[If 1 9 ] mim 1 moo ^(Dmmrv y •yB.m 
2 0 ] m^m:»^im^Ri±)mmm^ 

Wo 

Kf?e.nTlN5x 5Xttl 8fclB«bfcm^^b 

bT S m^W-^ J: o T Bul3:^D h >fia|»f*:4s« 
WL^n. iLOrxi h >e^¥**:«:ft>bT«5?B^ 
bfero h>^|{Ii3^2fli-^Kl^-B-5A^, s!^V^^±il^D 
3i»®»f^5feffjp-frS. it^ 1 5 Xttl 8 fclB«b&S 
mibf:«g. ., 

imim^bi . m&-:^ny>mimomif. -xh 
(xii 2ffi©iS-&^?&^-r se^oM^Sb < tt®? 

m. HB:7jc^Ji?T-ifeS..) ^*J«2 4{;:iBiffi 

b&«^Yb^«jl. 

[is** 2 6 ] ^ffiT'D h >mmSL(Dmif. - O HX 
{±-YOH (YJ±2fflitD^^^^#-r5ff«CDjp^Sb 
<ttjl?fflffeS. ) -efeSx 5f««2 5K:|B^bfe« 
fl'fb^^g. 

[ii5RJS2 7) mJlBT-a h >^iattto«As, -OH. 
-OSO3HS -COOH, -S03H^ -OPO (O 

H) 2s . - C6H4- s oaHcDv^-rn*^ i t)S«ti5»-r' 

5s 2 6 1 IBm bfem^^b^SS. 

[fisi^iM 2 8] mtdy^-u hmmm^ 7 

::^<5'-:9>^Cm (m=3 6> 6 0^ 7 0^ 7 6s 7 8. 
8 0s 8 2s 8 4s 8 6s 8 8s 9 0s 9 2s 9 4s 9 
em tifeSs ^*J«2 4fci3«bfc®^{b^^g. 
Umm 2 9 ] mil B3£^^*^ ^ 07j<l^:ij;^ 

.mMA^iftJje>ns Ci0^2©MS3|!4S?lliS15*»?>«»b 



f) 1 4 XJ± 1 8 ttBii b 

fe^^^b^^g. 

3 0 ] mm^m^ifi ^ttmm 2 ©Msi^smsu 
6nTi^5s usi^js 2 9 izmm b^mMb^^s. 

[If *S 3 1 ] 1 6 Xtt 2 0 t:fB« bfefflBi^ 

;^xA$lJ^^ig|5^;:i^Ts mBm20immm^(Dmi^& 

Z>'/XH:tbi;/j®»s ^V^^±0uiBW;^J®^aiAs^Tt)^^ 
Ss il*ia2 9{3iB«6bfc«^Yb^^So 

[0 0 0 1] 
[0 0 0 is] 

i)Sil>S:v^3l:?^;^=^-^bT^ ^cD^m©^M**aB$n 
•C*'t)s 7jc^;tf;^fe«IfRlK:|B^bs Jlfja-rs*»A*s «m 

a^Sffi i ►) -ocdM;S J: ^ -3 T V > S . 
[0003] J|?*t±tt^K:7k«>!i;^ Asi£l6Ht#s;bs 

7j<m:tf:^^^^-rs;&&.i:bTI±s TktDfl^MtiS 
[0 0 0 4i 7i^miJ:^^9^mir.?>:6^tt^ ^iEE^P^^'^t: 

:i!f;^OI!?jliStts liE7ff>-^;lzSiS«i^t*V^Tt)s 
X >)Ei^^nTl^n«s 7jcS^;tf;^©K'^« J: ^tiiDf 

[0 0 0 5] 7Jc^jtf^&ff^-r$:3&i*i:bTtts'#5l5s 

[0 0 0 6] biPb)5:Ase.s i£D*iik:<tnKs ^g*s 
:«;a^b-r5^®Ege;^$-*bT*t)s flSAA^^^tTk^ 
;!/;^ bx^ffl-r 5 c: tifix g 571- 

[0 0 0 7] C:cDPt3H^^53ft#-r5feii«)07k^ptf;^OE 

mamt bXs mM.^b^6<]:tf:;^flE«s^As>itfflii$i¥BjiMi« 

^4 6 7 1 0 8 O^-^ilflB^S - 242 8 5 0:^bTSI 

[0 0 0 8] El 1 7 itiiimnifmmmM 4 e 7 1 0 8 0 

■&ik:k\^xmi-^r\ PiEIl3*5i>Ts zoiamo. 2 
mmCDW^^JtSr^-rs-f ::r>ifmilMtbT©s «?!l^«7l 
-7;i/:ta::^;i/*:>^:©i!i (DuPontttliS©:^7^ 
:r> 1 1 7^0 WTs :?->''f:t>i:iKn-ri>. ) s 202 
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3itmm2 0 2 tmm(Dmm^mnLrzmm(Disxu,wi. 
i^mm^ 20 4ti:mtm(Ditixm^s 2 0 5tti^fiiiB!i(D 
:ff7.mm. 2 0 6itmmm<D^mmi*^ 2 07^^ 

[0 0 0 9] UT. ^(^msommmiz'Di.^xmMir 

?>, 7i(.^i}7.ifi:)S::^iil:,m^mm2 0 2m(DiiP.mm2 0 
4lzmm:^tlit, Cl®7j<^:^J^tt, if::^llhSicttfllffi2 
0 2±T'«^4^l\ TIBiC (1) ttie^THsO+'f 

H2+2H20-»2 e-+2H30+ • • • SC (1) 
[0 0 10] ^*rV^T^ ±IB^^tfeH30+-f;t>«±. f 

X. ■flfe!&©:i/;^&icttm«i2 0 3ST-5ti5>. :L(Di3^m 
i!cttSa2 0 3±T?f|-?;feSftm>)s Tg3^ (2) fcfie 

2 e-+2H30+^H2+2H20 • • -5?; (2) 

[0011] ■iST.mim.mMi o ^^x^x^tzT^mis 

E = Eo+ (RT/2F) xln (P 
({iU JiiBS (3) (c:*j\,^T> EoH:7j<f^7!J;^CD-f:t ' 

P ltt:<f^ifeffiCl4«8i2 0 2ffl|©*|R3tf>^ffii>, P 

2 liX-fST.mm'&nm 203 {iiioTkjiipif^E:^!?^ i as 

[0 0 1 5] CICTpe8i2 0 2^ 2 0 3t:*^*iS®Etc: 
■ov^T©rtlR^m;5i:, ta^lJaO'f:^->-fbil{4Eo 
tto. 0 2 V, S2^{iv^fot9)54^;i/>;:^ hiamr-fe 
t)s iiOinSffH:ijS®2 0 2s 2 0 3 ©:i;;:^ffi:t»T'^S 

:tf:^JEAf?^l 0 0^tff«Bbm-??*)0. 0 6 
VT$)5o 

[0 0 16] L*^b>5:ise>, ^3acD^tt4 0 0mA 
/cm2gaE©««lETt>0. lVfc;*:^<, :^^®5 

2r>j^«ttM2 0 l©m^igli^*s;*:tv^^:«)t^^^j^ty^ 

[0017] -l':r>3|flH4|Bi2 0 1 ^©J?i^^ 
As*^0. 2mm<DB?f®4,cDT'fet3s i':t>^mttli2 0 

«J:l>o 'f^>«mffi^2 0 lt+^:fe7j<^^« 

;^-r5 3i:(r ioTs ^':t>j»Si4J12 0 ICD-fiTV^S 

t^'J>l3i\^V^\z}imm2 0 3±®7kAsSS«fcfc J;oTJK2 0 

1 ^M«tLTRifig2 0 2tMt)s S'Mt37j<5£««&L5S:{t 
nii;«c § ^c«^&$iig LTJI-r Z i: Asm d Eg« 

[0 0 1 8] ^LTs Zfl^^mti>tzli>\Z<!mW-b~ 

2 4 2 8 5 0-tttt. iif:i?;^ffi;iicttffi;ggp^{c. 



^^>^mffiR2 0 l<feffl5ii;iS7?^^s * 

tt«ai2 0 3{Rfl{l7k^:tfy^iJ^^tSSI$nT7j<^;tf;^ 
(DE.tlifi±^ir^o Z0t^, ±mmmi*-2 0 6. 2 0 
7 *s^:tf;^iSifcttS11 2 0 2s 2 0 3 cmffisattD-Ts 

^^*ts :i}7.iihm.i±mm2 0 2, 2 0 3sw2i->5¥a 

14M2 0 1 ^&mM6?)t^i3S•r-5g4SiBS^^nTl^5. 
[0 0 12] $fes 1^M¥5-2 4 28 5 O^tlBttSf 

[0 0 13] fiPt)s #ra¥5-2 42 8 5 O^tttJWT 

[0 0 14] m^oimn'it^mTkm^t^mimii:. ±e 

0J:'5t^jEiK^tiT*5»)> 7!J;^J£«S:ttmfii2 0 2,20 
3Hfc*^»tSm£E<iTI3S (3) OJ;afc5&*. 
2/P 1) +i r • • (3) 

tffig-r5;!?^ffi:l!ct4«fii{C7j<:&?£«i|&-|-S7k^ffiJ&m 
[00 19] 

[^B^ASM^bJ;di:-rsSS] bi>b*:*Je>s ±ML 

fcitii¥5 - 2 4 2 8 5 o^tts s^smfflfcttfi-rs 

[0 0 2 0] *^B^{±s ±m\.Tz)^^tiimms^-^mm- 
fS^*^o/J^gu^t7J<lS:tf^MJ§3isJ»^asvss^,■^b^a 

[00 2 1] 

mmM^mm.m.^x%^ Ltcmi^may^ -^E-mt^nu 

E«Piis :L<DKf^^fifzmmik$^i3:^^7kmii^^:yi7 

) o 

[0 0 2 2] *^BJ{3J:n«s ioTTkSS;^ 

t3a2^a:<ttiiB7kl^;y;^;&9aai-rs^i:AST-§s Sfes 

[0 0 2 3] ^bTs 'hmnimttZlltifiX^iO 




[00 24] *^^Bjc»-:3 < 7j<^;y;p^Mji5£JW^ffia:s 

m^it^zmmK mm7mi}7^^:^v3V> (h+) jz 
^rnt^f^ imt. mmm i mx-^ Ltzmmyti v > 

mMmmizx^xmmaz&i<DmB^mt^m\^tzmm^ 
mum imiSium2mmvLm^-t?,^:ti}m^ bv^. 
[0 0 2 5] ^it. mB,msi^mms.&i^. mmizei 
mtmm^tifii^T.y'i^^msiii^^j^^x^m^n^ 

[ 0 0 2 6 ] la itt. *^Mfc:s-:5 < ji(.miJ:^mm^ 

[0 0 27] ^^mtzm-^ < 7miJ7.m.m^m^s. i o 
0 lis < ^i-fxm^mm^&i i ^ imm 2 ^ e^;^ 

[0 0 28] mm^M^BSB 1 14^ • ^WLSH 7 > 

^mmmeas. mmmi oRvm^imkfmtii^i i 

[0 0 2 9] |ejES«EgP7£DA*4S?2 0I±, 0^b& 

^nx-^ji'^-9^mm<Dfm:'3i^mux'$>-oxi>^ 
<. m^immmM&. -liso^t:*Jv^■ta:^ aci 

OOV. Sfc§aAS:*:S<3StafcAC2 0 OViSffiffl^f 

[0 0 3 0] SSmm^lt^s S^^fi?C'i>S?fe«iE© 

bt4.J:l>. *fes lEESaEfi|57CDiSS£«:tj©m*il8 

[0 0 3 1] am^Q-fPftfjfflisp 8 tt. mm.^miz x^jm^ 
■r^7i(.m:ii7,(D^MM^mm-r&ii(DX'& ^op® 
ms.mtim2 2^ 2 sa. mmmi o^m^ ^ntz^^ 
o««b2 4s 2 5izmmmm^nx\^:bc 

[0 0 3 2] mmm 1 0 {4. «ei2 4, 2 5s :^7.^m 

ilM2 6s m«lra?£»i$-r5'!r->>>^5^2 7s ffi«l?«t2 

8 s mmm(Dwmmit:mit^fm^>-^-2 9m 

mmm 1 0T*^^bfe7jC3^*"^^&J!)niIgl5 2-\i;«<iDffi 
g|JA;»j7j(^/!J;^^M 7*3 0i:i^^:&:2>o tt^^ ^-iy> 
7©4'li:i^;^^fiiM2 6CJ;t)s 2oo^Hir:0-8(l 
$nT*5t)s «m^«¥Of^ffltJ:-pTmil2 5tTfS^ 
bfc7k^;!J;^i)Sjpj£g)j7,:^7jcgl;y;^7^^ 7-3 0 ^e^Jib 

TSnEgB2tr5»i)^ns. 

[0 0 3 3] *fcs inEgUAiJ7j<^;tf;^.'W 7*3 0 1 




#98715-082486 



lis iinffg|JA;'37X^;tf;^oE;t;;&t^ttS-r2>inffig|5A;(3* 

?^:tf^ff-fe>-y--2 His «^J^Iis 
bfeE*l^t±l^e^T'i6oTJ:<s S.tii^}!B\:^rzV^^ 

[0034] sm^ffPttJitftttsas 11 fclis mm-b 

- 2 9SmDffigi5A;b7J<^:*;^E-lr >V— 2 1 ifi^(Dm 

tim^ifimm^nx:fsf)s mt^i^:^y'-i^f^mm t^^:^ 

7'i>9lZi.-DX^m^tlX\,^hc 

[0035] inESP 2 limmfb^Ei^ 4 0 i:JlE«S!E 
ffilOTgPl 3A^&)|gfig^tl7:VNS. 

[0 0 3 61 «m<b^ES6SIJ4 Olis 6^^©Mi^5<fea 

»b&BuiB^ imi^hX0mm<DiiS7.mwi&mm3 2s 

e^sSF®«i&ffi3*bfe«Fe^ 2aii: bT®!^®®;^:^ 

&im3 Is ^iR!icD^^m3 6s fmrno^m 

«f*3 7s ll«i<ia3!J;^}9^3 8JR.xmmm:f}:^M^3 9 
*e)«J5£^nTl>5o fiP*.s P«i3 2i:s ^3 3i:0 
P^lds flS^KCT'D h>e3li*3 lAsjliJ^^tvTl>5s ^ 
yzflyy mm) tmm^^mm: (MEAI^: Membrane 

& electroasseably). T^^o . 

[0037] T-D b >€3I^*3 1 lis m^timO. 0 3 
mm®JpJ»ii**bs ^®il®^cM^««iS|ftlte>^^■CV^S 
ittfJf^bVV BiFlBMJSES^^ttS^liitJioTs * 

[0 0 3 8] ^7.mm.mi3 2s 3 3iis isaifttt** 

bs m*s;el^«®^l®::*:*v^^l^:s SfcmiBCfil^* 

nfcBuiBMj^^fecn'b-ci/D >>'e3?*ii3 1 hmms 2. 

3 3*s±®tt)/c^T^«plt6T'feSC:fcs >^Dh>e 

3 1 izmmx § -S i ts 5g*©fi«fett&*-r 

fcs MtS^ft^bmStfeSii bV'. 
[0 0 3 9] tJEoTs BII3 2^ltm8B3 3lis ^?Ltt 
Xli^s'i'itt-efe-SiliiJbs^* b<s miiA-*> 
^r-r-'^— ^^?LKA-7j?>ife«HJ:bTs ^:ne>*^> 
-btttbs h>'e3li*3 1 i:^a-rs<Ml3s ^Stt 
«i:MJ«*ffii*$-&S-i:t^i^-rs •f^pt-5:ii:i)^-t-§ 
So Sfcs dO<t-5«:i^-h««fil#tlis <ii^tJi;bt: 

^iis?£^i^•cf^of^^|im^*:©*)©*Anfe>)s mit 

Sdi;l3it)s ««lg<*®#«ttAS|g±bs ^Htt)^ 

[0 0 4 0] BuMa^iis m^i£&^-pmit)i'y'~9 

As ^{b^" Ui^'^A^©»!ia?Tfe5:ihAsa*b<s 

* fcfi^emowtiaT- t)*ae«]©sj5&AsiifT-rs 

[ 0 0 4 1 ] «81 3 2 s 3 3 'sCDgSIBfidlJStCfflj^liafr 
©*&T-ct<s 0iJxlis ^f^!^*©«ffitSlil3M!StiH 
3lli^©fiiIIBf*^ffi3^bs ^ni::SDll!v^ci^©ES?&iD;i 
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T\^2OOA»^,3 5 0-CT'<3!BJ5g^-5ii:tJ;!3. fi^i; 

[0 0 4 2] ^tc, m%^h^]mm4oit. m2\zmt 
[0 0 4 3] mm^b^ffiaas 4 o tT£E«&$nfeB{it37j< 

-f :/4 .1 ttt, ilSi$n5fe»(II37jc|Si/>i£D^;tj^^|±J-r 

[0 0 4 4] mmmis^^m7miSyi.9mM3 sstm 

[0 0 4 5] ^:«gP4B:, Tk^WiliJ' >i7«J^gp i 2, 
3t«M*3litftailH56^V>'Vl':r«iJffllM^^gp; 5 tLi^-S.^ 

7j<^;if^^>^5 0~5 84S@B^nTl^So C^T% ia 

[00 4 6] 7jc^;tf;^^ 5 0 ~ 5 8 tmSlYb^ffi® 
fil54 Ott, APffiSI52 biPEaPttJ:i!7ic|g;!;::^7'«-f 7'4 1, 

ff*^tH^ffi6 0-6 aRmkmii::^.^)^-:/^ o~7 8 

<£^ftbTgEM$nS. flE;tft^/±ig«6 0~6 Stt, m 

[0 0 4 7] ?fe*K^tB*95 6^tt, KMmmme o 

[0 0 4 8] 7j<m;i^;^7Vi'7'7 o~7 8tt, iaB^mti 

7J<^A*;^7W^4 1 *^?)®fiiB7k^;;!J;^cD«tfi*M-r 

[0 0 4 9] MVP:r$iJWt^|g^g|55H:, 7k3^^f;;^7^;p 
:^7 0-7 &(D^^izMLxm:(Dmmm^t:liitjt 

[0 0 5 0] 7j<^;i?;^;J'>^5 0~5 8tt, it'2g©SSE 
[00 5 1] ^-;^7^A$iJ?igB3<4. 7Jc^;tf^SS!ja^«« 



SI ^)*ff■50tt^ ^ES^iEgP7^ S^^ffif$iJ(ail«8 
S. ^fes i^^7^A$iJ<aig|5 3{cH:, inEg|JA;^7j<^;tf;^ 

■b 2 1 . fsazmmti7mi}7.-{:>v- 4 2 ^© 

[0 0 5 2] i^7.y'Amm&3it, SIffMtlx iSia«!ia 
CPU (Central Processor Onit) ^fc:J;SV7h>>x 
[005 3] iRt. ;dci^*-;^ffi!ig5£j«^g i 0 0 (Dm 

[0 0 5 4] ^^7^AftiJfflIS?3{3iS;{t6.n*:0^^b5&l^ 
7f;^5^'>9?£^fibTs ISE-S«tSIJ7tSSgS0N 

■rs/i^s^saiu «f!i^KffiE-figiESP7tt. mmm 

[0 0 5 5] C^ITn 5';^-7^AftlJ®g|53*S0NM^<£j5| 
2 fc:ff bV^^5' >^ is^^ttfe C i: S^fflfSE^x bJS 

l^^^al^®^^^^. ^©MUi^is4^6©«^fc:j; t)ON 
J;^)ONi:b■rt»iv^o 

[0 0 5 6] mm-mmB7x^\:,tzmmmtntm^ 

[0057] iai£^X:b7mi3:^m-^ >V-~ 2 1 tt. « 

mmi oizxf&^t?>7k$iiit7.(DEtit:mu 

mmsii 1 1 Id:. mB3fixti7km^7.E-k >d— 2 1 

mm 2 8 (Dmifi-maifi^ifi^m^-k >v-- 2 9 bT 

[005 8] m^^m^mmmisi 1 1 1±. iPESPA^Tk 
s!ii/;^E-b 2 1 A5tftw-rsmm^«?t i D^^f 

*7J<^;tr^©E:t)2iUfSfi?rl2 8©tt!iSS/:;^7'AftiJ^ 
SI5 3tiittJ-rs. ^^7^AffilJTO3tt. >r-i/>y2 7 

*ts«?M2 8Asm^©»#st-ntfs^:9-)5??&iif7 
u flMP^a2 8Asm^©gfc:fli&)&imK«m:&fj?4« 




[0 05 9] sm^p^sgp 1 ommm i o izxmm. 

SP 3 lis tm.UXtii^^-nT.W.'e. 2 1 6 ©M^ 
[0 0 6 0] EPt>s «^:0-fi?{Cj;»3^*-ri,7k^?!J;^O 

[0 0 6 1] mm^J-Mt i t)^^-rs7Xi^^;;^o 

■5CLT> iDffei5 2{rA;b^n5*sS:tf^©EE;t3ife-^ 

[0 0 6 2] ttin. ^^mmmz^s 2 

tct^<b«Jt6«:s qIi£^«i«£MT-fen«^©.td«:»Jffli 
[0 0 6 3] ±KEbfcJ;d{c:s iPEa52{i. «m^eg 

[ 0 0 6 .4] yxi Y >m^i^3 1 tm&EPip-rsts 

®fiS3 2T-^^Lfc7-D h ^tt^D h>g3?i*;3 1 l*|T- 

mEE(DWia:^mtm.^^i^mmu ^ii)bfc7*D h>i± 
Kffisa 3ilJ©rD b >e3¥f*:3 1 ©«iiiT7klS;tf:^K:i!!K 
Yb^nSo c:©<tot:bT^b57k^;tf:^Stts 7*0 h 
^•gJ^f^S n3*5(tS±i3^ (3) T-at)^n-531«M 

s;ii:tJ;^ts .®^:if;^A=>?)*f8:tf;^^^ill*CS5© 
T?s 7j<3g:tf:^©j56SA5jg<Tt)s :rDh>,ei!¥f*:3 IS 
)ii * CI i: t J: T «ifia[ASiS5 < * 5. 
[0 0 6 5]^e.K:> c:oa;dHb'tf§6.nS7j<^:)!J;^ 

[0 0 6 6] WTlCs S5iB7Klg;tf;^©m*ijiaa©^*:^ 
[0 0 6 7] JDEa5A:ti7k^:tf::^7 W 7-3 0 ^SiTx @ 
;(f:^S£fcttai283 2±f«?<£^v\ TiB^ (4) tti^ 

H2-^2e-+2H+- • (4) 

[0 0 6 8] fiiSiS 2CT^J5)(,bfc7'D «£E$: 
Sgfflj»;fji:bTs bVfi^Si^iS l^£SiibTPifiB^b 
T©^J;^ll£mi4«®3 3ST-3ii^*^s ptf;^te»tt®gi3 3 
±T?«?^&gftm?>c:i:T\ TIB^ (5) ttttoTSlF 
7J<:^*f;^lCte{b$n5o 2H++2e--»H2- * 

(5) 




i|tn¥l5-082486 



[0 0 6 9] K«i3 3±f4mbfc7k^;S;^tt. 7'D h 
:t>©^!i&;^tt;«cgU©rN PS113 3{i©|^«i{H!l:tf;^S 

m(D^mmi^3 7 it. mm 3 2Rv^m3 3i:.m&^ 
mat?>tf^^. mm3 2. mm3 3Rv^tih>Bm 

[0 07 0] mFlB^D h y^-u 

[0 07 1] z:ix. mm '"T'n b >pi8ttt©aj t 

a:^ :rD b>Assi!i8k:J;t)iffllffiiblf5mtlSSi5i*U 

[0 0 7 2] MIBrD b >«¥(!6tt©a©*A*r^i:^.S 

*iX«4tt^Pfi^.t^£V>*s. jim»iC36N C60n C7{K C 
76^ C78s C80> C82^ 084^ C86n C88> C90> 
C92s C94. C96»if*'e>StfnS>'^-l/>^?©# 
eb<0:cn^©2aSgiU±®ig^is»*b<ffl 

[0 0 7 3] Ctl^.©77-^>^?B:s 1 985^t: 

KM:»«f:^'^^ h;i^'t't:^M$n;fe (Kroto, H.W.; Hea 
th,J.E.; O'Brien, S.C.; Curl, E.F.; Smal ley, R,E. 
Nature 1985. 318,^162.) .o llfigt-?-©Sja:S?*A5fili: 

^n5©ttHC5#^o^ii:XN .1. 9 9 o^Kg^se 

7-V>tt^^lR^»i*^*4«i: bTai^n-ctfe. 
[0 0 7 4] 03t:g^rjn<> y^-u>^^K.mi0 

Tkm&^ma bfc«Ji*«f-:37 7 1/^ (Fullereno 
1) tt. 1 9 9 2^\ZChia3ng6lZ^'^xm^J}iZ'^^mt^ 
fRa^iXfc (Chiang, L.Y.; Swirczewski, J.W.; Hsu, 
C.S. ; Chowdhury, S.K. ,- Cameron,. S. ; Creegan, K., 
J. CheiB. Soc, Chem. Conunun. 1992, 1791) o 
[ 0 0 7 5 ] *^BJ#J±, •€abfc7^Vy-;i/SrE4 

(A) izm&mTnt^xoi^mmiif-tu imL-^^tz 

-To ) ©7ki?ai^±K:tlSftfflA5^b5iatbfci::i 
:i0mmwt-7i^a tj:m-^i^t bTSiv^T'D h >fK 
(gss■rn{i^ 7 7 1/ ^ -;u^?© 7 1 y 

7kiia*»?>©H+©piitt) <fe^jft«3ii*«!J»T«i 
[0 07 6] ^^mmmmi:. i^tut, ±137 ^ u ^ -)\^ 



L 



*ASOSO3HatBSJfet)^fc04 (B) l^^^tXo 

;His ^{±»)Chiange>{3 i-QT 1 9 9 4^{3 
IR^^nxi^S (Chiang, L.Y.; Wang, L.Y.; Swirczew 
ski, J.W.; Soled, S.; Cameron, S., J. Org. Chem. 1 
994, 59, 3960) o MK7jc^3i;^xMb^nfe77-l/ 

[0 0 7 7] ±3^bfe7 7l/y-;i/StmK*lS3i>^5^ 

sent) 5 to. ffiaeg^ffl^T^::*5v^■c%»^ «t«ga«jK:ffi 
[0 0 7 8] sfe. ^^^e>o^9^©«#:^3fe^•rv^s7 

JK©iS^^OS03H«®^^)i:5;^^■r^ 7J<^a^^c:*^v^T^) 

[0079] ±137 7 y -JVRzmm^m:^:^7'Mt 

[0080] Mts ±137-0 h >^iH4©«tts «lfj^ b 
[00 8 1]fip-fe, c:©PB6tt©aH:Sti-XHfa$ 

H-e«$tU Y<i2ili©i^^^;fe:fr-r5fiit©M?«b 

[008 2] ^#:e«)K:e:, ±tB7'D h >fi¥iSH4©Sfc b 
TJix ±l3-0Hx -O S03Hjy.^i^K:-COOH, - 
SO3H. -OPO (OH) 2> -C6H4-S03HO^,^ 

[00 8 3] 3ls:^TOlrMfflDrtlS:±8377 
^^^^{rtts 7^-lx>:S-^©!g^5fet^U 

[0 0 8 4] ^bT. ff^n?)±l375-U>Kai^*^fe 

m^^^^l:: i t) Mttt^B^ bT. mn^ih^zm^ 4 



(8) 4#M¥15-082486 

0©:/D byfiiif*3 1 mmt?>ztlfir'^?>o 

[ 0 0 8 5 ] :/D h >fijg«i:3 1 *s^Hft5tC±|B77- 

[0 0 8 6] :/D h>gJS#:3 ItK 
>^«l<*:©i^A»e>«;S®Ax ±t37^-lx>^#i*:4iiD 
Efi»Bbr«cSMR©7'D h>'SMi^3 1 i:bTfflV^S 

-v>^a${**. yvv>&mpf^3 1 tbTfflV^sa 
±i3i^^^Jt:i^T^©+:9-«:7'Db>fe^li*;& 

[00 8 7] ±mm'^mtLxmm-sjm^^^^mmt 

[0 0 8 8] bA»t)x 75-^>^i*#»©J@^i:S 
7 -u >Sl^lf*:©«j*ffiliJ5Kf^SCJt-^s 

wssk (m^amns 0 oumixr) 3 1 i:b-cfflv%ac 
[0 0 8 9] i^. ±tdM0'^iint bTtt. h >© 
J;5) -^-rx fiaKitSr^-rs *)©)&: €>x ^KRS^ttba 

[0 0 9 0] ^-Tx 4^U7^>57;i/:rD3i^i^>ASJfS 

b^^©tts ffe©i§S:&^^#*4{rit^ di>a©ffi-^at^ 
©J:0:*:§56:lfM*^^K:figM*^#5*e)Tf*S. c© 
®^ffliH^Mi±s 3»a%J.MTs Jf*b<{±0. 5~ 

1. 5m«%i:'>*T-ri?*i> ?fM©^i«jitta#> 100 

yUmA>6 l/iin*'Zfi:li<-tftS. 
[0 0 9 1] ^fc. 5}?U7>;;fbbr::i"j7'>-^/}?'Ji;-;i' 

^:©©^©lB-^aB:5~l 5aa%©|i5Hi;fS©i)*J: 
[0 0 9 2] :^«J7;i/;rD3i^V>(3-&J:, 7KU7 5'^b 
-&aAJ±i^b}fe*n'?n©«5HOTPSfit^eTlfliai:, fiK 

[0 0 9 3] ^^mmommo^y^-uymmi^im'^ 
[0 0 9 4] ^*5, :^mmiz&^<:^m:f}mm^m 




jNr|B^15-082486 



[0 0 95] «m^b^jEi^ai54 0 

[0 0 9 6] 77W^-;i'^©77-V>^?2: 

[0097] EP■fe^ ©aett^o^'^aff t:T7jc^*jE^ 

[0 0 9 8] H30+W':r>e««tT?*a:^:7'f:r 

>*fflV^fe®^^ Tkl^CEiHSfcttCs 7j<t)^4bTb* 

7jc^:^f;^&SSi3 2{Rat«*&b-CSm^^^U :i 
nt:J:T3-r^bfc7*nh>*s 
if^^iSi^ytiyyBMW-^ lS:51bT^fii3 3^86^ 

[0 0 9 9] -^h^Z. Jnffi5QaS:SE^^<T*)s ^ftJ^W 

^xSi:bTOllS%fixg&^ffli:-rsci:*«-e*s ^« 

SfB4{c:. i«g{cmii37j<^?tf;^Sj||S3i:ds-5lBlJ:«:S. 
[ 0 1 0 0 ] t^^-^:^ ®Mfb#ffi«ISl54 o ttja^s^Jtaii 

3tf>^lS!jli3£«^aH:> J: t) =} >7^d' h •^JdfflttOiiiV'*^ 

[0 10 1] Sfc, *^0^ir;}3OTtt> ±IB07'0 b> 

A-d?>«^*t::/D ^> (H+) fi?fitt©a^S:^IIAbT 
5 7 ;^ ^ -^^^J^feffl V > S z: i: AST? § S . 

[0 10 2] d3T\ ±iBi>^;^^'-fciia^{±x M 

^i*oc:J:T-fet)s ;i©a« **;{cJ:-pt:/p h 
i/'esiltttfe4S|Ri±-rsi:Pli^t, -fb^fltJttg^^i^bT 
ligiSAs+^i::&t3s Ji^£JfMb^l^. Sfc. c:©^7 



[01031 ±iBo:7'o h >Bmii-tt. mPF-t lx<d^ 
m^tt^(DX\ m^^mx'^ytiYyi}mmLS,<. 

7. ^ -©le-fe <9> d \mm-r s j; 3 iz^mm(Dm'^ifi 

mir^:itifiX'^^„ 

[0 10 4] e<*:fc£gSf5^^:^4'-4fflV^S. 
©7'D>>^ailH4S*«At-5c:i:AS'iJST-^t)> ^ti 

hm-:>xmt^iti.m.<. mx^i^^^mnx:^*). 

So 

[ 0. 1 0 5 1 z(D^'^i3im^(Dyp h >Bmi*.i)s 
5~ia8t:s^-r<t'55S:#ffl©t)©*5fe?)v 7'Dh>e# 

f*:©iSJ|s*i: bT®S*?©(i4sl£v>*©-efe5. 

[0 10 6] S-Ts ia5{C^-rt)©«:s J*m®?*5|^i!c 

u ^«©7 7-i/>t)#-^Tg^-r) o >ntit*b 

T> ^nfe©33t«3g©-g|5tf^«tabfc^S^^7;^^-^£ 

E6tm^-ro c:©ii^tts ^jg^fciaKigswrs 

J: S 7 7 - 1/ >©M3§3i?iT Wl^^m thxm.^<M.6 
n2)*)©T'feSo i^^<>5;^<5'-©;*ca5^©i^^li?*^ 
SP 3i^-&bTV^Si:> El? K 

[0 10 7] ;*;g|5^©^^li^*sSP 2^^gAb•rv^S<!' 

iJ^^^T-f ^©¥Sflliii4«r-:^A*^ feS''^ 
U-V>-^:^^f-3.-:/©:^#:XJ±— g|5©fl|ja^W 
fSo d©5*)> i^^^T'f ^©fllJi**1-•6*.©H:^ 
i75;:^<5'-K:S?ejgtt<£J#ot)©*s^VNfetos T^n h 
^BmH-OW^t bTttiif * b < ^ci^. 
[0 10 8] ^nt^MU 7 7-l/>4>:>-^5"3.-^© 

s p 2iS-^tt^ -fflst s p 3iK-^©ll3S*^^■^ v^'Sfe 
^^)^ S?a#^t44)fe&v^4)©i)»^<^ :7't3 b yfijgt*; 

©^f*i: bTJf S bl^o 

[0 10 9] ElStts i^5;^^-|R]±Asjia-^bfc®^^ 




[0 110] *^BJ^3:tev^Ttt^ mmmBi^^^'i'-^ 
[0 111] f^i:)%. ^•r^m?^mm(D7-'!7ikmti 

J: ^ T * ^ Sj^^^ ^ ^ - b, 
>^bxtt 0 >iJ3i;^7^;Wb«?*jiLtfTd c: 1 1 J: 

[Oil 2] i©]K^^7;^>-^#flcH:-e©**, n 

*ci:AST'^5. *^«Bjfc;fev>T^ m^'^hi>mm^^ 

H:ftW®ft^Asi 0 OnmJ^ATO*)®, i:<tl 

[0 113] ^^i:imm^mp^:^^-tvx. m^m 

[0114] *%B^<i):rD h >fi^*os*^^: b 

KA-^>:^yf=-i-:^T-feS^:i:Asif*bUo Sfex 
BulBmttK^Cfllilgi* t b-C«±v 7 7 7t-tt©JI^^ 

[0 115] ±fB*-:i}?>:^-y^i-:/Xtt±fBA-xl? 

<-rsc:i:*T'$S©-es -S7*d h^eiSKa 
^©IqJ± * El ii § 5 o 
[0 116] ClClTJfMtfiiefflqJtl^jillBA-Jj^VrJ-y 

KimsF^e3mmM.m' (i^c vd^) t t)«5g-ra^ 
[0 117] T-^mmmm. m^i^Fes, ni. 

THe#H^T (t^ij^tf 1 5 0Torr) T-^figb^ T 



[0 1181 ±m(Dx^tzm^\iiimm(Diki^TXT'- 

^rAmt:fjo:itizji-:3X^m-r^:itifiX^is 09 

(A) ©^i@&i/t|^iia (B) (D-sammmi^mr^o 

*c#g*->P>:»-^^i-7'©y77x>fl|jS (pjfgitt 
tt^ ^i:Ba©&VA]SifpK«:A-:^>:?->'^i-:/-e 
!5^ ::n{i«mtiS#3|4i: b-C#^t:iSStttlT?feSw 

[0 119] ±l3©J;olcbTs T-i>i!(m?&t<tt)ff 

Ts rn h>/SMffi©a<&«A-r5:ii:As-et> lastt 
s. 

[0 12 0] it^m^^A^ti. m^^tm^tr 

Sii:tJ;-pTs ±iBaffi±l::±ia*-;K>:>-y^i- 
[0121] ffii^tf. 7 0 0'Ct-Joi»*nfc7;i/5±^ 

i-P^rtl^NitttS^^iSHbTs h;i'Ji>/H2>tf;^ 
(«»J^«1 0 0 s c cm) i:SliS^-fr5Z:i;t:j;D> m 

1 3 (C) ©^si^i2iK^-rj;-5*a®<£«-rs±iB*- 

[0 1 2 2] ^CITn ±BBA-:1^>:^>'^^-:/©T;^ 
'^i' hit* 1 : 1 0 0 0~1 : 1 OX'^^Ztifi»^L 
<> *fe±IB*-5j?>7T-<>'^-©T^'^^ Mti)«l : 

50oo~i : ioxii>^:itifi»mi,\,\ ±iB 

1§i«Xtti^iK«©«3if*©gAJ0. 0 0 1~0. 5u 
m■efeS^^:4s^f*b<^ ft^ttl~5>amffeSZ:i: 

[0123] iummm^mB 1 3 1^^ mmm<o^mm. 

<*3 6StmfiStl©^JS*m#:3 7tEpiDl-5m£E&IB 

^-rSo cr^-e^ ±fB^ (3) ^3^bfcJ;•5K^ inffS 

«|J^®g|5l 3©^^■r-^.SJEE*sli5^m^^iiSl^gs ^» 

;tf;^ffl^l 3t*3»t.S7i;^**;^©ffi;^;{i±#1-So 
[0124] ^CITn T-D h >€j||f*3 1 1 LXOmt 
K77V^-;i/*fflV\ h5IBMEA1K®®»{* 1 2 cm 
X 1 2 cmCit^Xi; bfc«m^iBE*igB4 0 ^{■^Sb 
fee 7j<^?b*;^S:5 0ml/min©ii 

ST'tt$& b^ iDSgf5tti;^37ic^>tf;^ffi-fe 4 2 t-CTK 
3g^;;^ff*si Oatm*-e±#-rsi^M*«!l^bfeJ:;i 
5^ EI10t^-rj:-5t:s 1 0 0 mA©®fiim^5^ri5lj• 
5^fe^^T©7Jc^*';^fi^M{3W bXtt 5 H$Hx 5 0 0mA 
©affiS^{C*i{t5^f^T©7j(^**^imt^bTtt 1 
BtMTf7k^if;^ffiAs 1 0 a t m*-r±#bfe. c:©iit. 
Tk^^;^ flE©±P3iftttmjSEt jt^!l bfc. 

[0 12 5] :rD h>1£3|lfli:3 1 ^feiliibfeT-D h >a 



(11) 4^^715-082486 



itm?st(om^X'Si^tu (6) (oxoizm^ 

tli>o 

m=I X t/2F • • -iC (6) 

[0 1 2 6] ^bTs ±i3SJ (6) ^m^^xmiii^nrz 

[0 12 7] tJe^-Cv iPffepaj;b7j<lS;tf;^ff-»r>-t»--4 

'raDffis?«t©j??gB 1 3 ©fi^-r saE*fpjffli-r s ^ t k: 

[0 12 8] ^mm4^ommpmiJ^i'>-^izMi!b^ 

^Si:7'D h>e3¥il3 llc:;*:§*ff:t^As^^t>^)^ t-d 
h>e#M3.1©BffttCDfSJ;?)Sli*As^ba. ^-:> 
S*bi>iiD£Ett!!S{3mK:©at-a'i>S#fe5. tillB 
bVA«^ttt> m^i£. :rD h >e#]13 i tJnfc 

[0 1 2.9lJ^JlTfc^ «fltfl?j*;»J^:*^tov^Ti!iwr 

[01301 im^mtiTiimis:^^^^ 7*4 1 mmm 
;^^W7'4 1 fp(DBtiiimmmiS7.^^3 9 t<DmtiOi 

[0131) iiuS.&tiitiykmiS7.Z-^>if—4 

-r^Bti tium^xti7mi}^s.-t >-y— 2 1 *st^ffi-r 

OTn 7-D h>e3|i*3 l$:«ffi-r5fc«)l^tts 

utzti^ ^"bizmBmrn^m^ 1 3 As^4-r5«E<£$Hj 

<D^^ 1 0mEJilTt«oc:i:iW^ bV^. 
[0 1 3 2) Sfc. ±j^LtziQ<-:rx2 h>&mm 1® 
i^fficDE;b^mab-o-:3. $ l3iDEa5tH;t;7J<m*r;^E 
■b > -y— 4 2 0?>1-E* As^^Oflt ^ 5 J; ^ {C 

«iJfflig|J3ASffacii;i)«T?tSo 

[0 13 3] i>;^7^A$OTg|5 3l±. 7i;^7'r>9t:jgi^ 
$tLfciDEgi5A;^7kl^p!J;^E-b>-y--2 1 ^fcU^iDEgPHJ 



:^J7k?^;tf;^E-lr>-y--4 20fg^^§|j-Cs MEESS^mtJ 
ymaP^B"^ >ti-- 4 2 Ast^ttJ-r SE:^J iPESPA* 
7klg;!J;^E-fe>-y--2 1 4stftm-r2.E:*JCDM^<08i#& 

fTV\ 7'?;^7'f vQ^iisbTs iiaE.mmmmi3^ 
[0134] »LiZs ^m^4^i=\f%,mwK.-o\,^xm.m 

[0135] 4 1 tt^ i^ma:^^ >^ 5 0~ 5 8 

cD^'ir^tbTs E;*3^m^B6 0~6 8Syf7K^;tf^^'« 
;i/::/7 0~7 8A5^^:fe.tl■rv^S. 7j<m:<J;:^^J'>ii^ 5 0 

~ 5 8 B:^^±To^ >^ $r^« b^t^tn^^^i^>:fev^^) 

OT-tt«: < ^ mMOiSOTklfl:^^.^ >^ &«^gi5 1 2 C 
iEB9;•f^^«J:^^. . . 

[0 13 6] 2klR:iJ;:^^>^5 0~5 8(t5KEite*nfe 

«IIIB7X^3!J;^ !£lt®S-r 5 ;^ ft i: bt J±. S(i8e7jc^:tf * 

*lS;tf:Xi^>^>CDl!SUa4ttt^|l|l It^-r. 
[0 13 7) 7mil7.i>y^b 0~5 8CD$iJptiJWro 
J: -5 13 b TfT d ^ i: AS § 5 „ 

[0138] m^\iS.. ^m-)37.^, >i/ 5 OO^tCmiiBxk 
S7k^:tf;^>'VVP^7 0CD^^Sr9lt, A^-37 l~7 8*-t' 

(Di^miip^fv\:f^±xm}irho ^(D'4ks tmMm\ 
mm>\ 3\z=f)i>^ii)tzm^<Dm.m%im.\^. jnEgi5tii:^7jc 

?S>tf>^E*>-y--4 2 fcinE«aJA*2kl!l:tf:^E-b>-b-- 

Tn E;«j«itB^«6 0OfiSAs^ 7j<^:*f;^^>i?t J;oT 
»*:s^«)^i&fcm^©E*ifit iiPEiW=fe 

[0 1 3 9) ^bT> &t>mmm.Q oAsm^©E;^)« 

S. c:©J;-5tbt|iKife7jc^:iJ;^*'>^S3£*-r5Ci: 

[0 14 0] *fcs 7ksS:tfj;^^>i/Asi{i®®^H:^ m 
^®E:titMb/ci:§t. h >e2^^*3 1 ©flffi^Sr 
I55±f JnEg|5 2®ffi(^^^f?iJ:t-Si:lim$t3. 

7X^;iJ;^^><J'©^'?;i/:^*Mi:U 5£««i^^4^TbT 

[0141] Jii±©iiJffli©fc«)©{l^tts 2^::^xA^J^ 
gpstiD^^bTiifg^ns. ^-r. E 

;t):^l±i^g6 0 A^ ?>©<$' >^:^E*fi^*3£«tt«tBSI5 
6tj@ID> HK:^^>^7'f >9*igT;J'>^E:ti«^*i' 
;^xMiwa5 3t5ia. i/;:^xA$HJti^et!3;±. i> 
y^mtim^-b^'^ y^n^^tb^i^rzBti\zm\.tzii'^ 
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t)s ^'^;i':^$iJWt^#g^g|J5a:iB!K^*ift^-r5J;-57jc 

[0 14 2] mi i^;^7^AffiiJfflIgB3 ASfi^dlW^O 
CO 1 4 3] *^BJta-:3<7J<«;jtf;^M3g^«^g{l^ 

nmm 1 0 b;£:f£E©7j<« a*;^ ^ jdjesis 2 -esj^ 

U i^BE©ttJgT?2kl!l;^;;:^^ 5 0 ~ 5 8 fc^S^-T-S 
Wffi^jttajg < T J: V ^^Dtf V 2 8 

[0 144] mM^mi^ji*)9t^-t^7mi}:^t 

[0 14 5]MK:. ±MbfcJ;at:, 
fc^D h >||(S6tt©«&#AbT55:Sg?i¥<*:K: i-^TT" 

[0 14 6] Sfi, *^B^Ji. 7j<*7k^SlXH::tf;:^a^ 

[0 14 7] *^BJtJ;nif. HulB^lfiit^LTTk* 
■e-s ^bfe7'Dh>;feBiFl3>^Dh>eji(*<&3iLT^ 

B3smfb^ffi*i^Sr#-rs©T\ ^m\zmw^x<m%M. 



[0 148] /hSoJffii:-r5 3i:AST'§5©TN 

fB7J<^:tf;^<5'><^$rmt)ttibTffl^^^^i^. 7J<*:tf;^T-^ 
il^5|I^©«iS?£i!&f^^-&f#S :i 

[0 1 4 9] ^Sl,»1'©7Jc^*>e>7j<S!i;tf 

[0 15 0] *^Bjca^<7jc|g:tf;^iliiii3!S««gtt. 
iro^ lfii©-5 t>0«ffB7-D b >e3S^^:^:ffi«bTV^J&: 
^^®i|S7X^^XB:7k^m^#:*;m^^S^ b, tdlBM 2® 
ii-C*5837j<m:«f:^ U Ei^^ns ii i: AJSi b 

[0 15 1] Sfe, «3fa7kl!l:tf;^ADiEffl5^:^ fi(rS3l5«tffli 

<s «!Fi3iDffSB©7k^:tf^tb:*»ffli|©7Jc^E>l7t:tftai-r5 

«-^#3f^©ffA;^^bfci:#t3^ fJiBiDflEgS©ilrf^ife 
f?±^SA»^ sev^tt7J<^*s5gJ^^tLSIutB*JRif>^^'> 

[0 1 5 2] 01 3tt^ *«?i0^2©^i§fcj|"3<* 

[0 15 3] las^x-f SJ;dtc> ±iBb&||10*fflta 

{3 J; s «m^«?xg s d i: «c < . ttg^^^t^5©7k^ 
A^^.7jc^:tf>l^9t>);eu ffi^U ymiJ7.i'>p\i:.% 

[0 1 5 4] JBilTCs Ell 3fc:5^-i-7k3R:tf;:^flBi3(i5«t^ 
m.2 0 OtZ-ol^TKJB^I-S. 5&*j\ S 1 XZifsti^miiT. 

ra-©^f bTSiB^!&«iis-r s. 

[0 15 5] ^8HRi|:if;^?g^3 Stt^trMS^mT* 

^iifijK©fe5^m*«MesbTi>s. jejstjtsbT 

7 7 >^^HS:ltTS^©Mi«t&{£it bT t) <tO. 

[0 15 6] ««pgi54 3iis mm.±m:.m.i3-^'mr^ 

:*§l^t^«^?i:7\->j;7^ i;-©ffi-^ii-T-fe^Tt)i: 

[0 15 7] WTt. *fEBJl;ar3<7k^;!/;^SJi3£« 
^fi©l!jft/iS ^ ^ Wi ife 3^ ^ T IttB^ 1- S . 

[0 15 8] iaK7 CC^^H^TTn BiSSfiUmSiS 2 
«litmK5 0%©^SL?£5 0ml/minOiSg-e«t 
if&b«i:*st,^f|gi3 2, 3 aratl 2mAOSJK^iStb 



# 
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[ 0 1 5 9 1 3 2 ©aiSTvXtti?^ h 7*0 h 

nSo |gPBi3 3fflilT-fll^-*SW-3l^fc7'Dh>ttStJf7k 

^Af;^til£fb$nv l^€B<R!l:tf;^T@^3 9{3S?M$tU 1*1 

7X«;tf^>'U7*4 1 ^mtLr::m(ommmii7.is^3 9 

[0 1 6 0] 01 4 J:t)B^e>iP^J:'5Cs 7J<®^^CJ: 

■:>x^m^ntz7mi}:^<D7m:^:^m± 1 aBtp^t- 2 . 

KgB3 9CD#«Ui2 4mltfeSfc«)6 0mlCD7k^>«f 

lifimi^m-nhmts imii:^^y^ (5o~5 8ov^ 

tfo%T«;ttntf> s*iisjsv^aifx mm^\mhti 
CO 1 6 1] 5s*RsstftffiaJ6i(5. Tma^^t^y^fiO 

[0 16 2] ifimn\:.&'^<ii^f^iS7.mm.^imwA. 

i:iai«/i-&t)-&n«x *!SJ|i4m?i&Tflll<|ga®fiSA8W^A5qI 
[0163] h >e^#;3 1 tts ±Mbfe^ 

^i;-r-5i'7;^^5'-i:. 1Sitt3itti^ttiK^©«3Si*i:A» 

fi£^i:u i©i^HS«fi£"rsi^3^is?irrD 
^4©a^&^AbT^^s^^i^*;^;<t^T^fie$t^^ ^©7- 

D byfeiift^S l&^b-C^l«B3 2T'«^bfe7-D h 
>^^2«i3 3'Ni^tt^F-&?>C:i:*ST-^S©t\ IlAc^if 

T-ft»ii^i6bs 7k^iS3is«si^©ffi*> m&m 

[0 16 4]-?b-r> H30+-f:r>fe^l¥^^:tfe^:^7'^ 

fi«^©:;«;^4' t:fev^T 4)^t6-r So 
[0 16 5] Ep-fe> iaSftt^^©;fc:^tl5t-C7J<^'£Sl|jg 

7jC5iaa3iEi^Il#©tIi&f^^¥<1-5Ci:i>ST-t5o 



[0 16 6] Sfes H30+-f :r>e^l<*:T-feS:>-7'f ;r 

bs$feK), i^s^msrje:>gii-r-5©i;7^bTs 

zK*2Ka!5^a:?tf;^©tt^-tllfii3 2ill!lK:# 
fi?!l^«77l/>'-;i/^t»e>3a:5:/D b>1S^^*:3 143 

b-rii®3 3'N^l^^^-y■^ cciT-TkistiKibu EMt 

©^jgff«iSrPltei:-rs. 

[0 16 71 JnSfi!ls*M$^e<-r*.x ?e!j^« 

{c:mM^b^fltJS^JgEliif■^ffl4^Ta:l^:As-et5©-e^ s. 

t> mxSJ:bT©l»pxa?&^fflJ:-rs:ij:*s-ets 

•So . 

[0 1.6 8] Sfc^ Sm^«?t:J:r?T2k^^f 
■ci6^bfcH5iB7Xl^;!J;^*ffi^-rsiQff«|5J:x £.©ffi® 

t--5i«mtt6a5 1 bT 4>mi6-r 5 J: a t^^K^nfen^ 
fb!^^et:^at>©-efe?> (WTs *^^lB©^3©fSW 
i:l!ii-ri). ) 0 

[0 16 9] J|5:i^B^t:«tti,«s mibm&if. StlE«^ 
;9-«?^ggiJt?%^bfeButa!klS:tf;^4ffi«t-SJ:-5«te 

b> sfes mmmMSRiJ^^'(D7mi}^h. mmjimm 

eei:bTt)^ti-r.-5J:-5t:«fiS,$tLTv>.5©T\ ^ma 
;^©S!'ji3)s«*!fft>ni.^a2iiRib«gK:j;-:>-Cs *^ 

[0 17 0] u-ox. -^©^btn m^^-Mji^miJ 
;:^tKYbbfc^s ff^©BtP^{c. st;t7J<^:tf;^ipe>m;«3 

*5ra-©fllfiS;T-fe s fctot:^a©/hS^bi: v^ o jant)^ 
l-SdiiAs-e^s. ^ia©S:tiCJ;t)7j<^:tf;^ 
*ssji^bfc^> sFjCx i©«s&M^tj^-feai 
u ammmtLxmmir^^cD^.mtiimmifinxbti 

So 

[0 17 1] ItiiaiDEePib^ mjl37jc|g:tf;^4«^^b^W 

mmm^^^ntz-:rx2vyBMP(^hifi^i3i\)s idiaiD 

EMmm^\:. J: r> T«iilBiDEeiJ©j!inE«^t^B bfcm 
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[0 1 7 2] mm%mmmt^ Mta&DjEgu 
[0 17 3] $^>t> mmaE&(D7i^miS7,mtim(D:S(. 

[ 0 1 7 4 ] 0 1 5 tt^ ^^BJta-:? < S^fb^ggcD 

[0175] 015 1 j:n«, a^Msagp i x-ym 
t^coxs iuEm2ifi^(D^t.immmtLx^^^o 

[ 0 1 7 :6 ] ^m^im 3 4 J±*jR;tf:;^> >^ fcjlcSJl:^ 

[0177] )}mm2 -^mmmmmmt hxmm^-^ 

T^k/VP^l 9&g8^:bT^ S^tt«&g|51 5i)»5.'^gl, 
<&l^iB!l:Wi^>@^3 8 {zii>) ::tr. i 5 

[0 17 8] tli;t3«J#gei Stts «^Jx.«^ U U-ib^^m 

^dnT*5t)s ipffiSP2AJ«mis?fe?fPi:bT*iti-r5fc 

[0 17 9] C:tl^CD$lJ#Ptt^-rS^;^7^AWgB3iP6 

[0 18 0] 7j<^±f^iSii36t«Ibft{3*5l,^T(i. tB^W 
©®18Ji. 7i:;(,p2gi5 2i:OiSig^l8r 

;i'7'i 9SiFlfe^n;u7'8 2ttrai:3&:s. 

[0 18 1] ^^mi^&-^<n%'{h^mmts ykm^y^ 
wmt)mmmmxmiri,ztifix^^(Dx\ 

nt>mLm.mtLx^t^ziii>x^^c 7j<i^ 



bT 4) -r s AS t- § s . 
[0 18 2] it, «^<b^El^g|J4 0tt. 

bTaBB-rsi^cDE;>j^ ^gs. mm^omm-^ 

[0 18 3] r7 7i'y-;i/^©S{?SJi?t:7"D h 

>«?iltt©S^aiAbT^d:5Buf3^#i*<&:/D h 

i<DmmtmtLx&imt^<DX\ EsoU:i->& 

[0 18 4] fip-fe, {SffiK««o;*:^p|='fcT7k^SE 

5o ^Jx.«M^«<£i^Jts 7j<^*#«^-e-TBI 

[0 18 5] H30+Y:t>lE««i:T*fe:5:>-7>f;i- 
>SfflvSfe*^. 7jc^cDflE«&i:^5K:^ 7k*>^bTb* 
•5&«>x l»S^aS«65>SJ:t-a®fe^bTs 3|K|IJEOJ^ 

7J<*:tf::^SRifii3 2{g!|{c:«J&bT«^:&^U ^ 

^l,fcfeilB7J<^;tf;:^cD7ki^■$*gAS{j>^i:^^o cfflfetot. 
^xgi:bT£D^ffixg*>FfflJ:-r5ii:As-e§, 3fSJS[ 
aJ4t, fig^t:Su837jc^:tf:^<&3@l5c:i:4SqIt6t)a:5. 
[0 1 8 7] 7K*7j<585SlXH:*f>^« 

t?>m 1 t5fB7*a h >^7kmi^P^ lzm<t bTBuia 
7j<^if;^^EifS-rsig21ii:, c:tLe.©WtlMt:eyf ^ 

i>*^2«iHfctt$&^sJnffmWJ®g|5i: ; ifi^tihjkf^ 

^iJxtt^mmi^tix'Simmizm'^-r^immm^t b 

TO«itg-rS J; 5 {3:^fig**i:tS^<b^Stgl3fi^5 fe© 
T-feS (WTs *^BJ©^4©^BJi:Wj5l-5o ) 0 
[0 18 8] *l6Bj{3j:nas mjIBiDffasASs S5IBSm 
-fb^ESi^T'^^ bfcBulBTk^ptf;^ <£Ei^-r S J: am 
U t5IB3SSIffl5A»^)©7k^:tf;^i:. StJSXttKJR 

^W;^;^ ttm^^nxp]m.mizmi'^r?>mtmnmm 
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[0 18 9] 'i}tr>x. —^(D^mx\ n:h^--s.7mis 

[0 19 0] *^Bjta^<«m^b#«fii±> MiBT-D 
[0 19 1] sfc. mi^mi3^:^tiosM50ii.fmwm 
CO 1 9 2] mmaB&<DimiJ:^mtimo!>yi!i 

[0 19 3] J^^BJi(D^3XB:m4©»B^t;:»t3<«^ 

^*;!f ^ i:4swiii&^nT Riis»wKiMrrs^ 2 o«mm 

^;i/=¥-^»i!?tB-rc:tt)prtgT'fe-5o c:©Jl-&s buIB 
?B*ePiP6WIB^ 2 ©*5m«Ttfeg|5'^fl^*&^n?)*^:tf;=^ 

U < ^ Hul3i^>^7^ AftOTSB t i; o Ts SlIIB^ 2 ©*SS3|4« 

mgi5©iwt:Ry^/xH:m;^©ffiim m^ttmutatKD^ 
[0 19 4] imtintf^ mm2<D)mmmmifim 

[0 1 9 5] El 6tt^ *^0^O^3Ol6RSCa-c5<m 

m<b#^s t tdiB^ 2 ©«mmmsi5*i9!it &®-&9«ws 
[ 0 1 9 6 ] 0 1 6 c xixi£s msL^mmm.^ 1 xyi^m 

:y^<$7>^t35ai-2.A^. gKv^^±Sui3*^>!^>^^>^A^ 
e>Bui37X^:tf;^<£ait);eu C©7k^:^J;5^CJ;t)^2© 
«W«?fegiJl 4?£iW^$1±5 4)©T-feS. CCTn ^.2 
©iSSmmasi 4^©tStB7jclS;tf^©tt!|i&{±*fS;ff;^<5' 

0~5 l©v^^^^*^t J:t)fffcns<, 
^ptf^^>^> 5 0<&jnffgB2i)^e)©7j<^?tr;ittiii&tt^j; 
LiSiH^ios mz7m-^:^t^^^^nx\,^i7^mij::^i' > 



^ 5 li)^^fiuiB7k^;tr^&MSmrtea5i 4'vfi^$&UTs 

7Jc|gs^^i^:%miiW^&PIl©^3^T■5^f©ll;f^4.•ess. s 

mttiii&gC 1 5 li^ 2 ©MJ|i4«?tfegl5 1 4 (gfll3ltt 

^^^Wriij;^) ?£W*&-r*4)©T\ ii!!i^Kam©77> 

[0 19 7] ?ME^g|g|51 6tts ^2©*!m«mg|514 

A^e.©«;tiS:mS©«JIt^^^-rs{'ffflS:5:U il^© 

[0 1 9 8] *fc. SEgESifflJl 6*^e>©«*{ix 
r] 4^ - 1 7 *igT^S^1^eB©ffe©«SfflS;ti i: 

[0 19 9] c©a^s imiS7s(om^^h^nm 

[0 2 0 0] *«BJCS-:3<iBl^ffi^<*:^lc43V^Ts S 

^B^±^ffl«ffl«^®©^^^e.•r^ SM:j^^;v=^-tiS 

tteift*©.7t^y7^i;-tf©2jRs?fe> isesm^©i«« 

[0 2 0 1] * fc> sa^fi?^ggi5 1 ^i^ .m«64Sfi¥iS 
tig{j-5«)g©*)©> 7jc®ifb7;i/AU^ 

tK * i&8B<l!l t ««&-r S «)t © © T- 1) J; V V 
[0 2 0 2] *.fe. mil336«eiJa:aut37X»;!J:^^>^& 

id^miST.^ >pCDmm'bUUmJ:^i)(DX:&-:>Xi)X 
<s C«J;ilfs ^'^©iSffii$'>i's. 7J<;^-Af;^i!aM^^ 7jc 

tz7mi}7.mii'>i'x^-=>x^x\,\ 

[0 2 0 3] mm^m:ii:^mM-^h btttL aN 
ig, CaNis^ T i C o 0 . 5Mn 0 . 5^ T i Co 
0. 5FeO. 5x TiFeO. 8Ni0. 15V0. 

0 5mx'^^xi)X<. mf&7m:ffp>m.jmmttni: u 

aAlH4. LiAlH4^T•feo■rfeJ;V^. 

[0 2 0 4] i/:^xi^$^J^WgC3^i^ *>1abTi^»tT*)s 
tlIi3Sa,^)iPPSSaJs iulBSDEgP^ ilJi33i£«a5lr-g|53i 
it±S!>(DWLm^^m hXtSi\fX i>^<. CP UT-«m b 

<t 3 {3««mrifesu 1 4 *^tij:Riifpjp hx . 

[0 2 0 5] 

[#BB^©aml *^BJ©^i©^q§tJ;ntf> m^^fi? 
©T-s ^g{3?aj^ct<Stj|37jc^;!f^4Mji1-5-i:*5T- 

^tz. mtm&^Rimu^mu^^tz(DX\ 
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[0 2 0 6] ^UTv 'm-^mtt?>ztitfix-^^(D 

[0 2 07] cLOB^s 7iimii:^m\SE.mmt'rmM 
[0 2 0 8] ^fc. :^mm(Dm2(D%mKixtn£. mm 

[0 2 0 9] 'J^S^ril8^:•r-5^^:AST•§50•C^ 

^mx^^mm^mm.-r^ztifi-^mx'^^o m 
[ 0 2 1 0 ] ^ e. ir, jaj jt«s ^a4'®7j<^*>^.7Xi^3tf 

[0211] *^eao^ 3 cd^WK: Jiixtf ^ . SiFgafraffgU 

So 

[0 2 12] tieoT, -^©MST\ «*^£-H7jc^p!J 
;^fc:te^bbfe^s eStcDiifP^t. syf7j<i^**;^A^^«:tj 

■fetiib. m^m^'iLx.xmi-t^moMnn.'m.i^nx. 

[0213] *%BJ©^ 4 0^0^13 MIBiDEgP 
BlFlB«m^b^ff«igCT*^4bfcitllB7jc^;!J;^^ff«S 
■rsj^ambs ^fcs fl!liB3£«SB*^?>07Km;^;^i:x 

m%^immmB> i: bt %)Mt61- J: -5 cafi£$tLTi> 5 
7j<^;tf;:^OSSJi3fi5«ASfTi3ns«fii:lR]b^®t 



J:^t^ 7J^lN:tf;^$:fflv^fc«!S3|s^«rlfe4>^>®S:t^i)S^le>^^ 

So 

[0 2 14] «eot, -^0SST% S:<3*-a*|fl:tf 

mfmifim-(Dm^X'^?>tztbiz^m(D'hmitt\>^'5^sj 
m:isp^^m.7t^mLtz'^. sKt. zcD^mm^izn 

im 1 ] ^mmm i ©^B^ts-^s <*^if;^s3ii^« 

^acmns^^HTfeSo 

[02] mmt<^&mm(D^(Dm(DBm^^iim 
[03] *sijigo?i5^{3«fflpit6:& 7 7-1/ >wmi*.<D 

-mx^^ >Jt 'J 7jci^^b 7 7 - w >©«ii0T' So 

[04] IB], y^-iy ymmi!\f.<Dm^m-tmAmxM> 

-So 

[05] |5], 7-D hWE«f*t*5V>T©^*i:t?i:S*-7)? 

>i' y7>i'-<Dm^(Dm^^^t'mAmxst>i>^ 

mm) ^^-tmAmxib^o 

^~m±im^Lx^^^'b<D) ^7jKrms.mxibho 
[09] 1^, T-D ^WE^il^*;^DS^^l^t?)5iJ-7Jf>:^>' 

[010] ^%m(Dm 1 ®^Bj{rS-^ < 7kll;^;^«}jg5(E 
J^^at J;S> 7jc^:tf;^««&ltrai:7k*:tf;^iE®e8^* 

[01 1] ra,' LaNi5lR®7Jc^8^f;^l!S«^Sffl^^ 

[01 2] m, i^;^7^Aftij«wa5As?Tattft©i&fi;&53^-r 

[013] *^BJOB2 0^^cai<:3<*J!{";tf:;^l!Sit^ 

j»^s©m«fife0T' ^ s o 

[014] (rI, iPJEg|5tti±»7lc|gA':^7W7-:&Ki:bfcB# 
©lt«itl3!J;^«^ortff ^^b&^l-^7 a. 

[015] *l6BJ©^3©#gB^tS-c5<ma^b#SS© 
[016] |B], ^©{fe©^©ffJ^CJ:5«lii««lJ5fe0T- 

[017] ifefe^yciSs fil^^b#fl?)*ifi:tf;^Ei^© 
mmSISfSST-feSo 
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2 2s 2 3-^mmE.m:tim. 2 4s 2 5- 
2 6-;y;^:»lS(tMx 2 7-r-^-iy>-^s 2 8-1 

3 1 -T-D h >{K«gtf> 3 2-^CD;y;^ffit!C« 

«Es 3 3-9m<Di}:^ikm.mim^ 3 4"-^mmim. 3 

6 -IliMnKD^M^Sflk 3 7 -l^iMCD^Igmi^ 



3 8-ll«S{a!l;!J^?SS, 3 9-K«i{ai:tf;^?g^> 4 0- 
m^ib^smB. 4 1-ta&3tiiti7i^m:ff7.^U:rs 4 

z-MzumtiTkmiST^E'^yv--. 4 3-iiiigi5. 5 

Q'-b^-7mi}7.i>yi7. 6 0 ~ 6 8 -E;fjt^ai^ 
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